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SEMCONDUCTOR CHIPASSEMBLY WITH 
METAL CONTAINMENT WALL AND 

SOLDER TERMINAL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of U.S. applica 
tion Ser. No. 1 1/137,960 filed May 26, 2005, now U.S. Pat. 
No. 7,075,186, which is incorporated by reference. 

This application also claims the benefit of U.S. Provisional 
Application Ser. No. 60/647,592 filed Jan. 27, 2005, and U.S. 
Provisional Application Ser. No. 60/604,522 filed Aug. 26, 
2004, each of which is incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor chip 

assembly, and more particularly to a semiconductor chip 
assembly with a solder terminal and its method of manufac 
ture. 

2. Description of the Related Art 
Semiconductor chips have input/output pads that must be 

connected to external circuitry in order to function as part of 
an electronic system. The connection media is typically an 
array of metallic leads (e.g., a lead frame) or a Support circuit 
(e.g., a Substrate), although the connection can be made 
directly to a circuit panel (e.g., a mother board). Several 
connection techniques are widely used. These include wire 
bonding, tape automated bonding (TAB) and flip-chip bond 
1ng. 
The semiconductor chip assembly is Subsequently con 

nected to another circuit such as a printed circuit board (PCB) 
or mother board during next level assembly. Different semi 
conductor assemblies are connected to the next level assem 
bly in different ways. For instance, ball grid array (BGA) 
packages contain an array of solder balls, and land grid array 
(LGA) packages contain an array of metal pads that receive 
corresponding solder traces on the PCB. 
BGA packages typically have the solder balls fused on land 

metal elements such as nickel terminals. Since the solder balls 
are contact terminals to the next level assembly, the BGA 
package becomes degraded or inoperative when the Solder 
balls separate from the land metal elements. 

Conventional Solder ball attachment techniques focus on 
allowing the solder ball to be easily fused on the land metal 
element. For instance, sequentially plating nickel and gold 
films on a smooth and flat surface of a land metal element 
allows the solder ball to be easily fused to the land metal 
element, however this does not avoid the solder ball separa 
tion problem. 

Conventional solder ball attachment techniques also focus 
on contacting an insulator Such as bismaleimide triazine 
epoxy to the solder ball in order to enhance the mechanical 
attachment of the solder ball. However, the solder ball easily 
separates from the epoxy as well as the land metal element. 

In view of the various development stages and limitations 
in currently available semiconductor chip assemblies, there is 
a need for a semiconductor chip assembly that is cost-effec 
tive, reliable, manufacturable, versatile, provides a solder 
terminal with excellent mechanical and electrical properties, 
and makes advantageous use the particular connection joint 
technique best Suited for a given application. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a semicon 
ductor chip assembly with a chip and a solder terminal that 
provides a low cost, high performance, high reliability pack 
age. 
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2 
Another object of the present invention is to provide a 

convenient, cost-effective method for manufacturing a semi 
conductor chip assembly. 

Generally speaking, the present invention provides a semi 
conductor chip assembly that includes a semiconductor chip 
that includes a conductive pad, a conductive trace that 
includes a routing line, a metal containment wall and a solder 
terminal, and a connection joint that electrically connects the 
routing line and the pad. The metal containment wall includes 
a cavity, and the Solder terminal contacts the metal contain 
ment wall in the cavity and is spaced from the routing line. 

Generally speaking, the present invention also provides a 
method of making a semiconductor chip assembly that 
includes providing a metal base, a routing line, a metal con 
tainment wall and a solder layer in which the metal contain 
ment wall includes a cavity and the Solder terminal contacts 
the metal containment wall in the cavity, mechanically attach 
ing a semiconductor chip to the routing line, forming a con 
nection joint that electrically connects the routing line and the 
pad, etching the metal base to reduce contact area between the 
metal base and the routing line and between the metal base 
and the metal containment wall, and providing a solder ter 
minal that includes the solder layer. 

In accordance with an aspect of the invention, a semicon 
ductor chip assembly, in which first and second opposing 
Vertical directions are orthogonal to a lateral direction, 
includes (1) a semiconductor chip that includes first and sec 
ond opposing Surfaces, wherein the first Surface of the chip 
includes a conductive pad, (2) a conductive trace that includes 
a routing line, a metal containment wall and a solder terminal, 
wherein (A) the routing line extends laterally beyond the 
metal containment wall and the solder terminal. (B) the metal 
containment wall includes a cavity and has essentially con 
stant thickness and is the only electrical conductor of the 
assembly that contacts the solder terminal, and (C) the solder 
terminal contacts the metal containment wall in the cavity, (3) 
a connection joint that electrically connects the routing line 
and the pad, (4) an encapsulant that contacts the chip, and (5) 
an insulative base that contacts the routing line and the metal 
containment wall. The chip is embedded in the encapsulant, 
the metal containment wall is embedded in the insulative 
base, extends vertically beyond the solder terminal in the first 
direction and extends vertically beyond the routing line in the 
second direction, the cavity extends into the insulative base, 
the solder terminal extends into the insulative base and is not 
covered in the second direction by any material of the assem 
bly, and the entire portion of the solder terminal that extends 
into the insulative base is within a surface area of the cavity 
and is covered in the first direction by the metal containment 
wall. 
The chip can be the only chip embedded in the encapsulant, 

or alternatively, multiple chips can be embedded in the encap 
sulant. The first surface of the chip can face in the first direc 
tion and the second surface of the chip can face in the second 
direction, or alternatively, the first surface of the chip can face 
in the second direction and the second Surface of the chip can 
face in the first direction. The chip can extend vertically 
beyond the routing line, the metal containment wall, the Sol 
der terminal and the insulative base in the first direction. The 
chip can also extend Vertically beyond the conductive trace in 
the first direction. In addition, any chip embedded in the 
encapsulant can extend Vertically beyond the conductive 
trace in the first direction. 
The routing line can extend laterally beyond the metal 

containment wall and the solder terminal towards the chip. 
The routing line can extend vertically beyond the metal con 
tainment wall and the solder terminal in the first direction, and 
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can extend vertically beyond the chip in the second direction. 
The routing line can extend within and outside the periphery 
of the chip, or alternatively, can be disposed outside the 
periphery of the chip. The routing line can also be essentially 
flat and parallel to the first and second surfaces of the chip. 
The routing line can contact and be non-integral with the 
metal containment wall, or alternatively, the routing line can 
be spaced from the metal containment wall. Furthermore, the 
routing line can be in an electrically conductive path between 
the metal containment wall and any chip embedded in the 
encapsulant, and between the solder terminal and any chip 
embedded in the encapsulant. That is, any chip embedded in 
the encapsulant can be electrically connected to the metal 
containment wall and the solder terminal by an electrically 
conductive path that includes the routing line. 
The metal containment wall can be embedded in the insu 

lative base. The metal containment wall can extend vertically 
beyond the solder terminal in the first direction, can extend 
Vertically beyond the chip, the routing line, the connection 
joint and the encapsulant in the second direction, and can be 
disposed within or outside the periphery of the chip. The 
metal containment wall can be the only electrical conductor 
of the assembly that contacts the solder terminal, and can span 
360 degrees laterally around the entire portion of the solder 
terminal that extends into the insulative base. The metal con 
tainment wall can have a bowl shape, a U shape in a vertical 
plane parallel to the first and second directions and a circular, 
rectangular or square shape in a lateral plane orthogonal to the 
first and second directions at an opening in the cavity. The 
metal containment wall can be substantially thinner than the 
routing line, can be a single-piece metal Such as nickel and 
can include a continuous single-piece metal surface that 
defines the cavity. The metal containment wall can contact 
only the routing line, the Solder terminal and the insulative 
base, or alternatively, can contact only a metal pillar, the 
solder terminal and the insulative base. 

The cavity can extend across a majority of a height and 
diameter of the metal containment wall, can be covered in the 
first and lateral directions by the metal containment wall, can 
include an opening that faces in the second direction and can 
have a concave shape. 

The solder terminal can extend within and outside the 
cavity, or alternatively, can be disposed within the cavity. The 
solder terminal can extend vertically beyond the chip, the 
routing line, the connection joint and the encapsulant in the 
second direction, and can be disposed within or outside the 
periphery of the chip. For example, the solder terminal can 
extend within and outside the cavity, can extend vertically 
beyond the metal containment wall and the insulative base in 
the second direction and can cover the metal containment 
wall in the second direction. The solder terminal can fill the 
cavity. In addition, the entire portion of the solder terminal 
that extends into the insulative base can be within the cavity, 
contact only the metal containment wall and be confined by 
the metal containment wall in the first and lateral directions. 
Furthermore, essentially all contact between the metal con 
tainment wall and the solder terminal can be within the cavity. 

The connection joint can extend between and electrically 
connect the routing line and the pad. The connection joint can 
be electroplated metal, electrolessly plated metal, Solder, con 
ductive adhesive or a wire bond. 

The encapsulant can cover the chip, the routing line, the 
metal containment wall, the Solder terminal, the connection 
joint and the insulative base in the first direction and can be 
spaced from the metal containment wall and the solder ter 
minal. 
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4 
The insulative base can extend vertically beyond the metal 

containment wall and the solder terminal in the first direction, 
can extend Vertically beyond the chip, the routing line, the 
connection joint and the encapsulant in the second direction, 
can cover the chip in the second direction and can be spaced 
from the solder terminal. The insulative base can span 360 
degrees laterally around the metal containment wall. Further 
more, the insulative base can be laterally aligned with the 
metal containment wall at a planar Surface that faces in the 
second direction, and the Solder terminal can be disposed 
within the cavity and laterally aligned with the planar Surface, 
or alternatively, the solder terminal can extend within and 
outside the cavity and extend vertically beyond the planar 
Surface in the second direction. 
The conductive trace can include a metal pillar that con 

tacts and electrically connects and is non-integral with the 
routing line and the metal containment wall such that the 
routing line is spaced from the metal containment wall and 
extends laterally beyond the metal pillar. 
The metal pillar can extend vertically beyond the metal 

containment wall and the solder terminal in the first direction, 
extend Vertically beyond the chip, the routing line, the con 
nection joint and the encapsulant in the second direction, and 
can be disposed within or outside the periphery of the chip. 
The metal pillar can be covered in the first direction by the 
routing line and covered in the second direction by the metal 
containment wall and the solder terminal. The metal pillar can 
be substantially thicker than the routing line and can be a 
single-piece metal Such as copper. The metal pillar can have a 
generally conical shape with a diameter that Substantially 
continuously decreases as the metal pillar extends in the 
second direction. Furthermore, the metal pillar can include a 
first surface that faces in the first direction and a second 
Surface that faces in the second direction, a surface area of the 
second surface of the metal pillar can be disposed within a 
surface area of the first surface of the metal pillar, and the 
surface area of the first surface of the metal pillar can be at 
least 20 percent larger than the Surface area of the second 
surface of the metal pillar. 
The assembly can include an insulative adhesive that con 

tacts the chip and the encapsulant and extends vertically 
beyond the chip in the second direction. 
The assembly can include an electrically conductive path 

between the pad and the solder terminal that requires the 
routing line, the metal containment wall and the connection 
joint. Furthermore, the routing line can provide horizontal 
routing and no appreciable vertical routing between the pad 
and the solder terminal, and the metal containment wall can 
provide no appreciable routing between the solder terminal 
and any other electrical conductor. 
The assembly can be a first-level package that is a single 

chip or multi-chip package. 
In accordance with another aspect of the invention, a 

method of making a semiconductor chip assembly includes 
(1) providing a metal base, a routing line, a metal containment 
wall and a solder layer, wherein the metal base includes first 
and second opposing Surfaces, the first Surface of the metal 
base faces in a first direction, the second surface of the metal 
base faces in a second direction opposite the first direction, 
the metal containment wall extends into the metal base from 
the second surface of the metal base towards the first surface 
of the metal base and includes a cavity, the cavity extends into 
the metal base from the second surface of the metal base 
towards the first surface of the metal base and includes an 
opening that faces in the second direction, and the solderlayer 
contacts the metal containment wall in the cavity, (2) 
mechanically attaching a semiconductor chip to the routing 
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line, wherein the chip includes a conductive pad, (3) forming 
a connection joint that electrically connects the routing line 
and the pad, (4) etching the metal base using a wet chemical 
etch, thereby reducing contact area between the metal base 
and the routing line and between the metal base and the metal 
containment wall, and (5) providing a solder terminal that 
contacts the metal containment wall in the cavity and includes 
the solder layer. 

The method can include forming the routing line by depos 
iting the routing line on the metal base. For instance, the 
method can include forming a plating mask on the metal base 
that includes an opening that exposes a portion of the metal 
base, and then electroplating the routing line on the exposed 
portion of the metal base through the opening in the plating 
mask. 
The method can include forming the metal containment 

wall by depositing the metal containment wall on the metal 
base. For instance, the method can include forming a plating 
mask on the metal base that includes an opening that exposes 
a portion of the metal base, and then electroplating the metal 
containment wall on the exposed portion of the metal base 
through the opening in the plating mask. 

The method can include forming the metal containment 
wall by etching the metal base to form a via that extends into 
the metal base from the second surface of the metal base 
towards the first Surface of the metal base, and then depositing 
the metal containment wall into the via. For instance, the via 
can be a through-hole that extends through the metal base and 
exposes the routing line, the metal containment wall can 
extend through the metal base and contact the routing line, 
and etching the metal base using the wet chemical etch can 
eliminate contact area between the metal base and the routing 
line and between the metal base and the metal containment 
wall. Alternatively, the via can be a recess that extends into but 
not through the metal base and is spaced from the first Surface 
of the metal base and the routing line, the metal containment 
wall can extend into but not through the metal base and be 
spaced from the first surface of the metal base and the routing 
line, and etching the metal base using the wet chemical etch 
can form a metal pillar from an unetched portion of the metal 
base that is defined by the metal containment wall and that 
contacts the routing line and the metal containment wall. 
The method can include forming the solder layer by depos 

iting the solder layer on the metal containment wall. Like 
wise, forming the Solder layer can include contacting the 
solder layer only to the metal containment wall. 
The method can include forming the solder terminal by 

forming the solder layer, or alternatively, forming the Solder 
layer and then forming the Solder terminal. For instance, 
forming the Solder terminal can include depositing Solder 
paste on the metal containment wall and then reflowing the 
solder paste to form the solder layer and the solder terminal, 
or alternatively, depositing Solder paste on the metal contain 
ment wall and then reflowing the solder paste to form the 
solder layer, then depositing a solder material on the Solder 
layer and then reflowing the solder material and the solder 
layer together to form the solder terminal. 
The method can include forming the metal containment 

wall and the solder layer by etching the metal base to form the 
via, then depositing the metal containment wall on the metal 
base and into the via, and then depositing the solder layer on 
the metal containment wall. For instance, forming the metal 
containment wall and the solder layer can include, in 
sequence, etching the metal base to form the via, electroplat 
ing the metal containment wall on an exposed portion of the 
metal base and into the via, depositing solder paste on the 
metal containment wall, and reflowing the Solder paste to 
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6 
form the solder layer. Furthermore, forming the via and the 
metal containment wall can include, in sequence, forming a 
mask on the metal base that includes an opening that exposes 
a portion of the metal base, etching the metal base through the 
opening in the mask to form the via, electroplating the metal 
containment wall on the exposed portion of the metal base 
and into the via through the opening in the mask, and remov 
ing the mask, or alternatively, forming an etch mask on the 
metal base that includes an opening that exposes a portion of 
the metal base, etching the metal base through the opening in 
the etch mask to form the via, removing the etch mask, form 
ing a plating mask on the metal base that includes an opening 
that exposes a portion of the metal base and exposes the via, 
electroplating the metal containment wall on the exposed 
portion of the metal base and into the via through the opening 
in the plating mask, and removing the plating mask. More 
over, forming the solder layer can include, in sequence, 
depositing Solder paste through the opening in the mask (that 
provides an etch mask for the via and a plating mask for the 
metal containment wall) on the metal containment wall, 
reflowing the Solder paste, and removing the mask, or alter 
natively, removing the mask, depositing the solder paste on 
the metal containment wall, and reflowing the solder paste. 
Likewise, forming the solder layer can include, in sequence, 
depositing the solder paste through the opening in the plating 
mask (for the metal containment wall after the etch mask for 
the via is removed) on the metal containment wall, reflowing 
the solder paste, and removing the plating mask, or alterna 
tively, removing the plating mask, depositing the Solderpaste 
on the metal containment wall, and reflowing the Solderpaste. 
The method can include attaching the chip to the routing 

line by disposing an insulative adhesive between the chip and 
the metal base and then hardening the adhesive. 
The method can include forming the connection joint by 

plating the connection joint between the routing line and the 
pad. For instance, the connection joint can be electroplated or 
electrolessly plated between the routing line and the pad. 
Alternatively, the method can include forming the connection 
joint by depositing a non-solidified material between the rout 
ing line and the pad and then hardening the non-Solidified 
material. For instance, solder paste can be deposited between 
the routing line and the pad and then hardened by reflowing, 
or conductive adhesive can be deposited between the routing 
line and the pad and then hardened by curing. Alternatively, 
the method can include forming the connection joint by wire 
bonding. 
The method can include etching the metal base using the 

wet chemical etch, thereby exposing the routing line, remov 
ing all of the metal base within the periphery of the pad and 
removing all of the metal base within the periphery of the 
chip. For instance, etching the metal base using the wet 
chemical etch can eliminate contact area between the metal 
base and the routing line and between the metal base and the 
metal containment wall and can remove the metal base, or 
alternatively, etching the metal base using the wet chemical 
etch can form a metal pillar from an unetched portion of the 
metal base that is defined by the metal containment wall and 
that contacts and electrically connects the routing line and the 
metal containment wall and can remove most of the metal 
base. Furthermore, etching the metal base using the wet 
chemical etch can electrically isolate the routing line from 
other routing lines that contact the metal base, and electrically 
isolate the pad from other pads of the chip. For instance, the 
method can include forming the connection joint by wire 
bonding, and then etching the metal base using the wet chemi 
cal etch, thereby electrically isolating the routing line from 
the other routing lines and the pad from other pads. Alterna 
























































